Food insecurity has become recognized as a public health issue in Canada, but our understanding of the scope and nature of this problem remains limited by the lack of population-level data. Unlike the United States, Canada has no national monitoring system for food insecurity. Until recently, the primary indication of household food insecurity was the large and continually growing numbers of Canadians seeking charitable food assistance programs from ad hoc community programs, called "food banks." Our understanding of the phenomenon came from community-based surveys and studies of food bank users (1) (2) (3) (4) (5) . Indeed, the problem of food insecurity was popularly equated with food bank use, and developing effective "alternatives to food banks" became the raison d'être for many community-based responses to food insecurity (6) . Recently, analyses of data from the 1994 National Longitudinal Survey of Children and Youth (7) and the 1998 -1999 National Population Health Survey (NPHS) 2 (8) have begun to furnish population-based prevalence estimates for various indicators of household food insecurity in Canada and identify the sociodemographic and health characteristics of families reporting food problems (7, 8) . Although these studies are limited by the lack of comprehensive measures of household food insecurity, they have greatly expanded our understanding of the problem and pinpointed the particular vulnerability of some population subgroups, notably welfare recipients and single-parent families. Consistent with the results of U.S. population surveys (9 -15) , these analyses have also highlighted the interrelationship between markers of food insecurity and poor health.
This study was undertaken to further contribute to an understanding of the scope and nature of food insecurity in Canada through an analysis of data from the 1996 -1997 NPHS. Our working hypothesis was that indicators of household food insecurity, such as the measure of food insufficiency included in the 1996 -1997 NPHS, denote households that are experiencing a more pervasive level of vulnerability. Our specific objectives were to estimate the prevalence of household food insufficiency, identify sociodemographic characteristics of households most likely to report food insufficiency, and examine the likelihood that individuals in households reporting food insufficiency would report poor physical, mental and social health, and selected chronic health conditions.
MATERIALS AND METHODS
Data. This study was conducted with data from the public use microdata health file for the household survey of the Cycle 2 (1996/ 1997) NPHS. The NPHS is an ongoing survey conducted by Statistics Canada to collect both longitudinal and cross-sectional data on the health of Canadians. A detailed description of the survey design and methodology appears elsewhere (16 -19) . The sample for the household survey component of NPHS includes household residents in all 10 provinces, with the exclusion of populations on Indian Reserves, Canadian Armed Forces Bases, the Yukon and Northwest Territories, and some remote areas in Ontario and Quebec, long-term residents of hospitals or residential care facilities, and persons who are homeless. In this survey, limited individual and household-level socioeconomic and health information was collected from one knowledgeable person from each participating household (210,377 households in total). In 39% of these households, detailed healthrelated data were collected on one randomly selected individual, with proxy reporting employed for persons who because of age or other reasons were unable to answer questions themselves. Almost all interviews (99%) were conducted by telephone, but sample weights were adjusted for the bias associated with not selecting households without telephones (an estimated 2% of the Canadian population).
The survey was developed, tested and administered in both English and French; ad hoc, oral translations of the instrument into other languages occurred when the respondent could not complete the interview in either English or French. However, 99.7% of respondents completed the survey in either English or French (20). These data comprise the "health file" of the NPHS and are available for 81,804 respondents (50.5% female, 14.1% Ͻ12y old) (17) .
Food insufficiency. Cycle 2 of the NPHS included three questions to explore issues of household food insecurity. Household respondents were asked if, over the past 12 mo, their household had "ever run out of money to buy food." Those who responded affirmatively were then asked two additional questions: 1) "Did anyone in your household receive food from a food bank, soup kitchen, or other charitable agency?" 2) "Which of the following best describes the food situation in your household? a) always enough food to eat; b) sometimes not enough food to eat; or c) often not enough food to eat." The latter question was drawn from the food sufficiency question developed for the Third National Health and Nutrition Examination Survey (21-24) and represents a slight modification of the USDA food sufficiency indicator used in other dietary surveys (10, 22, 23) . The validity of this measure is indicated by the strong associations between household food insufficiency and lower reported energy and nutrient intakes (10, 22) and between household food insufficiency and income-based measures of poverty (10, 25) .
In this study, households who responded that they sometimes or often did not have enough food to eat (3.9% of the sample) were classified as "food insufficient"; those who reported that they never ran out of money to buy food (93.4% of the sample) or did so, but always had enough food to eat (2.5% of the sample) were deemed "food sufficient." This operational definition of food insufficiency is similar to that used in other research (9, 10, 22, 25) , but the inclusion of a screening question about "running out of food" in the NPHS means that our measure of food insufficiency is likely more conservative than others. Nonetheless, it may be a better proxy for food insecurity than the food insufficiency question alone because our measure incorporates the aspect of insufficient resources. The 0.2% of respondents who did not know or refused to respond to the questions were excluded from the analyses presented here. Our final analytic sample thus consisted of 81,581 respondents.
Sociodemographic and health variables. Because food insufficiency was assessed at the household level, we limited our examination of the sociodemographic variables to those also measured at the household level. Household type was defined as single person, single parent with children under 25 y, couple without children, couple with children under 25 y with or without others, or other household arrangements. Region of residence at the time of data collection was defined as Atlantic Canada (Newfoundland, Prince Edward Island, Nova Scotia, and New Brunswick), Central Canada (Quebec and Ontario) or Western Canada (Manitoba, Saskatchewan, Alberta, and British Columbia).
Three variables were available to us to describe the material circumstances of the household. Household income was classified in terms of a five-level categorical variable describing income adequacy; this variable, constructed by Statistics Canada, was based on information about gross total household income in the past 12 mo and family size (17) . The category definitions are presented in Appendix 1. It is important to note that household incomes in the "lowest income" and "lower middle income" groups, and some in the "middle income" groups, fall below Statistics Canada's Low Income Cut-Offs (a commonly used measure of poverty in Canada) (26). The economic status of the household was further described by a dichotomous variable indicating whether a member of the household owned the dwelling (even if it was still being paid for) in which they lived. The main source of household income is categorized as employment, welfare/unemployment insurance/workers' compensation, seniors' benefits, other sources or not applicable/not stated. Although the main source of income for 76% of those in the welfare/unemployment insurance/workers' compensation category was welfare (20), the data available to us did not permit differentiation of these households.
Multiple measures of health were assessed for the one randomly selected person in each participating household. General health, and physical, mental, and social dimensions of health were assessed through a self-rated health scale, a functional health index, restricted activity status, number of chronic conditions, a depression index, a distress index and a social support index. All measures captured self-reported health. For each measure, we constructed a dichotomous variable to differentiate individuals with responses indicative of poor health. Detailed descriptions of the variables and cut-points used to define poor health are presented in Appendix 2.
We also considered four chronic conditions for which dietary behaviors have been implicated in the etiology or management, i.e., heart disease, diabetes, high blood pressure and food allergies. Respondents were classed as having a particular condition only if they reported that it had lasted or was expected to last for 6 mo or longer and that it had been diagnosed by a health professional. Heart disease and food allergies were assessed for respondents of all ages, but only respondents Ն12 y old were asked if they had diabetes or high blood pressure.
In addition, we considered body mass index (BMI). Body weight and height were collected through self-reports and were used to construct the BMI for respondents ages 20 -64 y, excluding pregnant women. We classified respondents' BMI according to the WHO criteria (35). Underweight was defined as a BMI Ͻ 19.0 kg/m 2 , normal weight was defined as a BMI of 19.0 -24.9 kg/m 2 , overweight was defined as a BMI of 25.0 -29.9 kg/m 2 , obesity (Obese Class I) was defined as a BMI of 30.0 -34.9 kg/m 2 , whereas morbid obesity (Obese Class II-III) was defined as a BMI Ն 35.0 kg/m 2 . Statistical methods. All analyses were performed with SAS version 8.0 (SAS Institute, Cary, NC). Descriptive cross-tabulations were calculated to examine the associations between food insufficiency and the selected household characteristics. Multiple logistic regression was used to describe the relationship between household food insufficiency and the household-level sociodemographic characteristics. This approach enabled us to identify the relative importance of each variable, recognizing that many were interrelated (e.g., low income, single parenthood, not owning a dwelling, being on welfare).
Multiple logistic regression was used to estimate the odds that a randomly selected individual in a household characterized by food insufficiency would report poor health (across the broad spectrum of measures outlined above) and selected chronic health conditions. Individuals in food-sufficient households were used as the reference category for calculations of odds ratios. Age group, sex, education level and household income adequacy were included in all models to control for the potentially confounding effects of these variables on observed associations. Age and sex were included because of the wide spectrum of ages in our sample (17) and the research documenting the age-and sex-related differences in the various health measures considered (30, 32, 33, 36, 37) . Significant associations have also been documented between income adequacy and education level and the various health measures considered here (28,33,36 -38) . Because food insufficiency is a particular problem for low income households, and education is tightly linked to income, these two sociodemographic variables were included in the regression models as well, to ensure that any observed associations with food insufficiency were not simply marking the well-documented relationship between low socioeconomic status and poor health. It is emphasized that unlike some other research in this area (e.g., 13-15), our analysis was not intended to explore hypothesized causal relationships between household food insufficiency and specific health outcomes. Thus, other sociodemographic variables associated with food insufficiency (e.g., single parenthood) and individual-level characteristics that might link to the health measures considered (e.g., smoking status, BMI, alcohol or drug use) were not included in our regression model. Our objective was simply to estimate the odds of someone in a food-insufficient household reporting health problems.
A sequence of three logistic regression models was run to examine the association between household food sufficiency and BMI category. Individuals in food-sufficient households were used as the reference category for calculations of odds ratios. All models were stratified by sex. Unadjusted odds ratios were obtained from the first model. To adjust for known sociodemographic influences on BMI, age group, education level and income adequacy (24,39 -43) were included in the second model. Because our analyses (reported here) revealed strong associations between household food insufficiency and poor health, and BMI is significantly associated with functional health (measured by the Health Utility Index) (44) , a third regression model was run that included Health Utility Index score to control for the potentially confounding effects of chronic ill health.
The NPHS employs a complex sampling design, with stratification and multiple stages of selection, and unequal probabilities of selecting respondents (17) . To account for the unequal probabilities of selection, all sample weights were rescaled before analysis by dividing the original weight by the average weight of respondents included in the specific analysis (17) . To account for the effects of stratification and multiple stages of selection on variance estimates, all confidence intervals were calculated using bootstrap resampling techniques, with a set of 500 bootstrap weights created by Statistics Canada to reflect the sampling design used in the survey (45) . All of the results presented here reflect weighted estimates.
RESULTS
In the sample, 3204 households were food insufficient; this represents an estimated 4.0% of the Canadian population, or 1,122,727 million people. Only 35.4% of food-insufficient households reported having received food from a food bank, soup kitchen or other charitable agency in the past year.
The sociodemographic profile of food-insufficient households differed considerably from the profile of food-sufficient households ( Table 1) . In particular, single-parent families, households reporting their major source of income as welfare, unemployment insurance or workers' compensation, those who did not own their own homes and households in Western Canada had greater odds of reporting food insufficiency. The likelihood of reporting food insufficiency increased dramatically as income adequacy deteriorated (Table 1) . Although 22.3% of households in the lowest income adequacy category were food insufficient, it was relatively rare for households to report such extremely low incomes. Thus the majority of food-insufficient households were in the lower middle and middle income adequacy groups.
Individuals in food-insufficient households had significantly higher odds of rating their health as poor or fair, of having restricted activity, of having poor functional health, of suffering from multiple chronic conditions, of having major depression and distress, and of having poor social support compared with those in food-sufficient households ( Table 2) . Individuals in food-insufficient households were also significantly more likely to report having heart disease, diabetes, high blood pressure and food allergies ( Table 2) .
When crude odds ratios were examined, men in food-insufficient households appeared more likely to be underweight and normal weight, and less likely to be overweight than men in food-sufficient households; women in food-insufficient households were less likely to be normal weight and more likely to be morbidly obese ( Table 3) . After adjusting for the potentially confounding effects of age, education, and income adequacy, the only association that remained significant was that men in foodinsufficient households were less likely to be overweight. Adjusting for the potentially confounding effects of functional health did not change these results.
DISCUSSION
This study provides a crude estimate of the 1996 -1997 prevalence of household food insufficiency in Canada (4%), based on a two-part, household-level indicator of quantitative food deprivation. Given the systematic exclusion of aboriginal people living on reserves and homeless people from the NPHS, this must be an underestimate of the true prevalence of food insufficiency. Interpretation of these data is further limited by the narrow focus of this assessment. A more comprehensive measure of food insecurity, including an assessment of the temporality and severity of quantitative food deprivation as well as an assessment of qualitative compromises in food selection, uncertainty regarding food supplies and the acceptability of foods consumed, would be required to characterize fully the extent and severity of food insecurity in Canada. To date, population-level assessments of food security in this country have been limited by the use of "red flag" approaches to measurement (i.e., individual items that provide some indication of vulnerability but are not designed to be scaled or grouped (46) , and by the inclusion of different indicators on different surveys. In the subsequent cycle of the NPHS, 2 y later, food insecurity was indicated by an affirmative response to at least one of three questions indicating worry about not having enough to eat, compromise in the quality or variety of foods eaten, and not having enough to eat (8) . Given the greater breadth of experiences encompassed in the 1998 -1999 survey questions, and the use of a screening question in 1996 -1997, it is not surprising that the later survey yielded a food insecurity prevalence estimate of 10% (vs. 4% food insufficient in the present study). The differences in measurement make it impossible to draw any inference about changes over time.
Our finding that the odds of food insufficiency increase with increasing income inadequacy is consistent with other examinations of the interrelationship between income-based measures of poverty and indicators of food insecurity in Canada (7, 8, 47, 48) and measures of food insufficiency (10, 11, 25) and hunger and food insecurity (49 -52) in the United States. In this study and others (7, 8) , indicators of household food insecurity appear to track other major indicators of poverty in Canada such as welfare and single parenthood (26,53). Income-expense comparisons have highlighted how the affordability of a nutritious diet may be problematic for households supported by welfare (54, 55) . A recent analysis of data from the 1994 National Longitudinal Survey of Children and Youth revealed that families who reported child hunger (a relatively severe manifestation of food insecurity) were 13 times more likely to report income from social assistance than those who did not report child hunger (7). Canada-U.S. differences in welfare policies and programs limit the comparability of findings across countries, but it is noteworthy that welfare recipients in the United States are also at high risk for food insecurity. In a recent study of welfare recipients in Michigan, almost one quarter reported that they sometimes or often did not have enough to eat (9) . After adjusting for potentially confounding variables, Cook et al. (56) found that children in families in the United States whose welfare benefits were terminated or reduced as a result of recent welfare reforms were 1.5 times more likely to be food insecure.
Only about one third of food-insufficient households in this survey reported receiving food from a food bank, soup kitchen or other charitable agency in the past year. Consistent with other research on the association between food insecurity and the use of food assistance programs (57) , this finding suggests that charitable food assistance utilization is a relatively poor marker of food insufficiency, underestimating its true prevalence. The low number of food-insufficient households using charitable food programs is not surprising given that in Canada these programs are typically ad hoc, extra-governmental, community initiatives and not matters of entitlement (58). Program access varies widely across communities. Further, individuals may be deterred from seeking assistance because of the social stigma associated with food charity (5,59 -63) and the limited quantity and quality of food sometimes available to clients in these programs (64,65).
Household food insufficiency was significantly associated with poorer health status across multiple dimensions of healthphysical, mental and social. These findings are consistent with the results of a recent U.S. study of elderly disabled women in which food insufficiency (assessed in terms of financial difficulty acquiring food) was significantly associated with depression among all women, poorer social health and physical performance among white women and a greater number of medical conditions among minority women (11) . In addition to associations among self-reported measures of health, the authors also determined that iron deficiency anemia was 2.9 times more likely among women reporting food insufficiency (11) . A study of single women welfare recipients in the United States found significant associations between food insufficiency (assessed in terms of quantitative food deprivation) and poor or fair self-rated health, physical limitations and major depression (12) . Food sufficiency has also been shown to be associated with poor general and physical health, and with negative psychosocial outcomes in American children (13, 14, 66) , and with depressive disorders and suicidal behaviors in American teens (15) . Several other studies have documented relationships between indicators of food insecurity and poor or fair self-rated health (7, 8, 10, 67) and chronic health conditions (7, 8) . Severity of household food insecurity was also found to relate to poorer self-rated health, activity restrictions and chronic conditions among a small Canadian sample of low income women (68) . The cross-sectional nature of these findings makes it impossible to draw causal inferences. Although it might be argued that household food insufficiency predisposes individuals to poor health, the reverse could also be true. The fact that we have observed associations across such a broad array of physical, mental and social health indicators suggests that the interrelationship between household food insufficiency and health is unlikely to be condition-specific. Longitudinal data, including a more comprehensive measure of household food insecurity, are required to ascertain the true nature of the associations reported here. It should also be noted that our analyses relied entirely on self-reported measures; research examining food insecurity in relation to objective measures of health is required to confirm our findings.
The absence of significant positive associations between food insufficiency and measures of underweight or overweight after adjusting for potentially confounding variables adds to the controversy in this area. After adjusting for potentially confounding variables, Alaimo et al. (43) found an increased prevalence of overweight and food insufficiency occurring in older non-Hispanic Caucasian children in the United States, but not in younger non-Hispanic Caucasian children, nonHispanic African-American children or Mexican-American children. However, four recent analyses of population-level survey data have revealed measures of food insecurity to be significantly associated with overweight and obesity (8, 24, 69, 70) . The discrepancy in results may be due to methodological differences between studies, including differences in the study population, sample size, food security measurement, definition of BMI cut-points denoting overweight and obesity, and control of potentially confounding variables.
The observation that individuals in food-insufficient households were more likely to report heart disease, diabetes, high blood pressure and food allergies is of concern given that each condition is likely to be managed at least in part by dietary modifications. If people are finding it difficult to always get "enough to eat," then tailoring their food selection patterns to specific dietary regimens is likely problematic too, particularly given that some special diets appear to be associated with increased food costs (71) . Our concern about individuals' abilities to manage chronic health conditions in the context of household food insecurity is supported by research such as that indicating that hypoglycemia was linked to hunger and food insecurity among a sample of diabetic patients in one U.S. urban county hospital (72) .
In conclusion, the results of this secondary analysis highlight the pervasive vulnerability of individuals living in foodinsufficient households. In addition to food problems, foodinsufficient households in Canada struggle with a broad spectrum of health problems. More research is required to fully understand why this relationship exists, but our findings indicate the importance of broadening the discussion of responses to food insecurity beyond short-term food-based intervention. LITERATURE CITED
